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Abstract

Objective: It remains unclear that the relationship between sprint and/or endurance performance and salivary
immunological factors and stress hormones in athletes. The aim of this study was to investigate if salivary immuno-
logical factors and stress hormones are related to sprint and endurance performance in sprinters and long-distance
runners. Fourteen male sprinters provided 100-m record and 22 male long-distance runners provided 5000-m record.
Salivary IgA, MCP-1, interleukin-8, and cortisol levels in sprinters and long-distance runners were measured by ELISA

assay.

ance performance in long-distance runners.

Results: No significant differences were found in all salivary parameters between sprinters and long-distance run-
ners. In long-distance runners, the salivary IgA and MCP-1 concentrations and secretory rate significantly correlated
with their personal best 5000-m times (r=0.534, P=0.011;r=0.567, P=0.006; r=0.452, P=0.035, respectively). In
sprinters, the salivary IgA concentration, MCP-1 concentration, and MCP-1 secretory rate did not correlate with per-
sonal best 100-m sprint times (r=—0.260, P=0.369; r=0.128, P=0.663; r=0.122, P=0.677, respectively). Therefore,
the present study is the first to determine that immunological factors such as IgA and MCP1 may be related to endur-

Introduction

A biomarker is a biological substance contained in a bio-
logical sample (e.g., blood, urine, and saliva) and is an
objective indication of biological and pathological pro-
cess. Previous researchers have utilized biomarkers as
key parameters for assessing physical and physiological
fitness, conditioning, overtraining, stress status, fatigue,
and performance in athletes [1]. To assess an individ-
ual’s performance and health among athletes, a single
biomarker cannot be used alone, and a combination of
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multiple biomarkers must be considered. Furthermore, it
is important to identify the biomarkers that match differ-
ent characteristics of various sports [1].

Associations of conditioning, which is related to exer-
cise performance, with stress hormones and immu-
nological factors has been well studied. Circulating
cortisol levels are considered stress and fatigue indicators
in response to exercise intensity and duration [2]. Corti-
sol is a potential biomarker for overtraining syndrome,
which is characterized by a reduction in sport-specific
physical performance, excessive fatigue, and subjective
symptoms of stress [3]. Cortisol is induced by prolonged
exercise and required for adaptation of exercise, such as
protein and lipid catabolism, to increase gluconeogen-
esis and reduce inflammation. Immunoglobulin A (IgA)

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13104-022-05989-2&domain=pdf

Uchida et al. BMC Research Notes (2022) 15:118

is the main immunological factor in external secretions
for protective effects against pathogen infections. Sali-
vary IgA production is reduced by strenuous exercise [4].
Salivary IgA levels progressively decrease in swimmers
during periods of intensified training [5]. Previous study
reported that serum interleukin-8 (IL-8) levels after the
race are strongly and negatively correlated with the time
taken to finish the marathon in marathon runners pre-
senting with exercise-induced bronchoconstriction [6]. A
previous study has suggested that the amount of change
in salivary monocyte chemotactic protein 1 (MCP-
1) and proinflammatory markers (e.g., IL-8) following
high-intensity sprint tasks may be associated with lower
drop jump and squat jump performance [7]. Investiga-
tors of the previous study speculated that the secretion
of MCP-1 from damaged skeletal muscles in response
to exercise may significantly contribute to reductions
in muscular function. Therefore, each of the aforemen-
tioned markers may predict performance in athlete.

Saliva sampling is a useful method for the assessment
of stress hormones and immunological parameters in
response to exercise [8]. Compared to blood sampling,
which is typical method for assessment of stress hor-
mones and immunological parameters, salivary sam-
pling is a convenient noninvasive method suitable for
continuous collection [9, 10]. Salivary biomarkers have
been proven as useful tools in sports science research
[11]. Previous study showed that salivary IgA levels were
inversely correlated with the greater number of infec-
tion cases in swimmers, and salivary IgA levels during a
competitive season could predict the number of infection
cases in the elite swimmers [5]. While the relationship
between salivary biomarkers and physical conditioning
in athletes has been well studied [11], the relationship
between salivary biomarkers and exercise performance in
athletes is unclear.

In track and field, performance for sprinting and long-
distance running is associated with multiple factors, such
as morphological and genetic factors, muscle functional
parameters, and muscle mechanical properties [12—15].
However, the contribution of saliva immunological fac-
tors and stress hormone to athletic performance in com-
petitive sprinters and endurance runners is currently
unknown. Therefore, this study aimed to determine if
salivary immunological factors and stress hormones are
related to sprinting and endurance performance in col-
legiate sprinters and long-distance runners. The physio-
logical factors, which interact as determinants of athletic
performance, are typically different between sprinters
and endurance runners. Thus, we hypothesized that the
associations of athletic performance with saliva immuno-
logical factors and stress hormone would differ between
sprinters and long-distance runners.
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Methods

Fourteen well-trained male sprinters and twenty-two
well-trained male long-distance runners participated in
this study. Sprinters’ personal best 100-m sprint times
ranged from 10.37 to 11.78 s (11.13+£0.36 s). Long-dis-
tance runners’ personal best 5000-m times ranged from
843 to 936 s (880.40+27.61 s). All participants were
informed of the experimental procedures and provided
written consent to participate in the study. This study was
approved by the Ethics Committee of Ritsumeikan Uni-
versity (BKC-IRB-2017-009).

All athletes were instructed not to eat or drink fluids
other than water for at least 12 h prior to the measure-
ment. The athletes came to the laboratory without break-
fast. Before collection of saliva samples, heights and body
mass were measured. These measurements were taken
during pre-season. Participants were asked to consume
250 ml or more of water after waking up.

Saliva samples were collected between 8:00 and 10:00
a.m. Athletes completely rinsed their mouths with dis-
tilled water (for 30 s, three times) and then rested for at
least 10 min, and saliva production was stimulated by
chewing a sterile sponge (Salivette; Sarstedt Inc., Ger-
many) at a frequency of 60 times per minute. Saliva sam-
ples were centrifuged (3000 rpm, 15 min, 4 °C). After
measurement of the sample volume, saliva samples were
stored at —80 °C until enzyme-linked immunosorbent
assays (ELISA) were performed.

Salivary S-IgA (Bethyl, MN, USA), cortisol (SALIMET-
RICS, CA, USA), MCP-1, and IL-8 (R&D Systems, MN,
USA) concentrations were measured using a commercial
ELISA kit. Saliva samples were centrifuged for 1 min at
10,000 rpm prior to measurement. Salivary parameters
secretory rates were calculated by multiplying each sali-
vary parameter’s absolute concentration by the saliva
flow rate (ml/min).

Data are presented as mean=standard deviation. A
separate unpaired t-test was used to compare depend-
ent variables between sprinters and long-distance run-
ners. The relationship between salivary parameters and
personal best 100-m sprint time and/or personal best
5000-m time in sprinters and long-distance runners
were examined using Pearson’s product-moment correla-
tion coefficient. The statistical significance level was set
at p<0.05. All statistical analyses were conducted using
IBM SPSS software (version 27.0; International Business
Machines Corp., USA).

Results

The physical characteristics and salivary parameters
of the sprinters and long-distance runners are listed in
Table 1. Body height, body mass, and body mass index
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Table 1 Physical characteristics and salivary parameter

Sprinter Long-distance runner

(n=14) (n=22)
Age 208+08 205+0.1
Body height, cm 17747 +£557 17115+ 4.36%
Body weight, kg 6840+£5.10 58.10+£4.42%
BMI, 21.70£1.22 19.81£0.96*
Salivary volume, ml 1484044 1.08 +0.26*
Cortisol, mg/dl 0.1440.08 0.1340.07
IgA, mg/mll 93.44443.69 98.20+50.56
MCP-1, pg/ml 345.02+341.15 334.104284.03
IL-8, pg/mll 87.07+96.71 14526418248
Cortisol secretory rate, ng/ 2294184 143+073
min
IgA secretory rate, mg/min 13449+£64.22  105.65%5533
MCP1 secretory rate, pg/min 51687 £502.42 354.054293.39
IL8 secretory rate, pg/min 870719672 14526418248

Values are means =+ standard deviation. IgA: immunoglobulin A; MCP-1:
monocyte chemotactic protein 1; IL-8: interleukin-8; BMI: body mass index

*p <0.05 vs. sprinter

were significantly higher in sprinters than in long-dis-

tance runners.

Salivary volume was significantly higher in sprint-
ers than in long-distance runners. None of the salivary
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parameters significantly differed between sprinters and
long-distance runners.

The salivary S-IgA concentration in long-distance run-
ners significantly correlated with their personal best
5000-m times, with a positive correlation (r=0.534,
P=0.011; Fig. 1), but not salivary S-IgA secretory rate
(r=0.324, P=0.141). Moreover, the salivary MCP-1 con-
centration and secretory rate in long-distance runners
significantly correlated with their personal best 5000-m
times, with a positive correlation (MCP-1 concentra-
tion: r=0.567, P=0.006; MCP-1 secretory rate: r =0.452,
P=0.035; Fig. 1).

The salivary S-IgA concentration, MCP-1 concentra-
tion, and MCP-1 secretory rate in sprinters did not cor-
relate with their personal best 100-m sprint times (S-IgA
concentration: r=-0.260, P=0.369; MCP-1 concentra-
tion: r=0.128, P=0.663; MCP-1 secretory rate: r =0.122,
P=0.677; Fig. 1). Furthermore, Salivary cortisol levels
and IL-8 levels in long-distance runners did not cor-
relate with their personal best 5000-m times (cortisol
concentration: r=0.163, P=0.469; cortisol secretory
rate: r=— 0.074, P=0.743; IL-8 concentration: r=0.290,
P=0.190; IL-8 secretory rate: r=0.229, P=0.304), but
not personal best 100-m sprint times (cortisol concen-
tration: r=—0.212, P=0.468; cortisol secretory rate:
r=-—0.251, P=0.387; IL-8 concentration: r=—0.384,

r=0.567,P<0.01

r=0.452, P <0.05
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P=0.175; IL-8 secretory rate: r=—0.481, P=0.082) in
sprinters.

Discussion

In this study, we demonstrated that salivary immuno-
logical parameters and stress hormones did not differ
significantly between sprinters and long-distance run-
ners. We further demonstrated that salivary IgA concen-
tration, salivary MCP-1 concentration, and secretory rate
positively correlated with personal best 5000-m times in
long-distance runners. In sprinters, salivary immunologi-
cal parameters and stress hormones were not correlated
with sprint performance. Therefore, these findings sug-
gest that salivary IgA and MCP-1 levels might be asso-
ciated with endurance performance in long-distance
runners.

To the best of our knowledge, this firs study to report
salivary IgA concentration positively correlated with the
personal best 5000-m times in long-distance runners.
Previous research observed reductions in salivary IgA
concentration after ultramarathon race in well-trained
runners [16], while another investigation reported that
changes in salivary IgA concentration did not contrib-
ute to running distances during a game in football play-
ers [17]. Our results of salivary IgA levels and endurance
performance would seem to contradict the findings of
the previous study [17]. A potential explanation of dif-
ferences in results between their work and the current
study may be the differences in characteristics of sport.
The associations between sprint performance and sali-
vary IgA levels have not been previously investigated.
This is the first study to identify the potential associations
between sprint performance and salivary IgA levels. This
study indicate salivary IgA concentration may contrib-
ute to personal best 100-m times in sprinters. Previous
investigation has reported that salivary IgA concentra-
tion is transiently reduced by moderate intensity aerobic
exercise [18]. However, high intensity interval exercise
does not reduce salivary IgA concentration [19]. It is
possible that the difference in the responsiveness of sali-
vary IgA levels to exercise is related to the difference in
the contribution of salivary IgA to performance between
long-distance runners and sprinters. While the present
study provided novel data to confirm the associations
between salivary IgA levels and athletic performance,
further research is needed to explore effects of difference
in the characteristics of the sport on salivary IgA levels.

In this study, salivary MCP-1 concentration and secre-
tory rate were associated with endurance performances,
such as positive correlation with personal best 5000-m
times, in long-distance runners. Previous study has
reported that circulating MCP-1 concentrations were
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increased by aerobic moderate-intensity training [20].
Additionally, end-systolic wall stress (ESWS) negatively
correlated with peak oxygen uptake in adult subjects with
systemic right ventricles [21], plasma MCP-1 levels posi-
tively correlated with ESWS in adult subjects with dilated
cardiomyopathy [22]. MCP-1 level may be involved in
cardiac function associated with VO,, potentially indi-
cating that MCP-1 level may contribute to endurance
performance. There are no studies that have observed
the relationship between sprint performance and MCP-
1. In this study, there was no relationship between sprint
performance and salivary MCP-1 levels in sprinters.
Whereas, previous study has reported that circulating
MCP-1 concentrations did not change after high-inten-
sity interval training or sprint intensity training [20, 23].
Findings from these previous studies and our results
indicate that changes in basal salivary MCP-1 levels may
reflect endurance performance in long-distance runners,
although more studies are needed to better understand
the role of MCP-1 in exercise performance in long-dis-
tance runners.

In conclusion, the present study demonstrated that
lower levels of basal salivary IgA and MCP-1 were related
to higher endurance performance in long-distance run-
ners. To the best of our knowledge, this pilot study pro-
vides evidence that, in addition to physiological and
morphological factors, immunological factors such as
salivary IgA and MCP-1 may play an important role in
the superior endurance performance of long-distance
runners. From a clinical perspective, information from
the present study may help in recognizing individual con-
ditions and predicting physical performance in athletes.
In addition, our findings indicate that the relationship
between salivary immunological biomarkers and physical
performance may be influenced by differences in char-
acteristics of sports in track and field athletes. Further-
more, as these biomarkers have potentials to influence
performance, they could be utilized to identify individual
fatigue, stress, and health status, which may be useful in
developing match strategies and practice plans. There-
fore, information from the present study can be further
utilized in basic knowledge of biomarkers for optimal
training/conditioning programs and for improving out-
comes in long-distance runners.

Limitation

Because the salivary IgA and MCP-1 levels did not differ
between sprinters and long-distance runners, we could
not provide clear data to support our hypothesis that ath-
letes with higher endurance performance have lower sali-
vary IgA and MCP-1 levels. To test our hypotheses, further
studies are needed to examine the relationship between
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endurance performance and salivary immunological bio-
markers in other sports. Additionally, sprint performance-
related immunological markers and stress hormones in
saliva were not found in sprinters. To assess sprint per-
formance-related salivary biomarkers in sprinters, further
studies are needed. Because we included only collegiate
sprinters and endurance runners in this study, the observed
associations may not be applicable to other athletic popu-
lations. Further research is needed for the non-athlete and
other sports athlete. Lastly, we cannot eliminate potential
effects of different training cycles, competitive levels or
competitive seasons on the observed associations between
selected salivary markers and athletic performance. In the
future, it is necessary to examine the contribution of the
salivary markers to athletic performance during a competi-
tion season and training cycles.
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